THE ABILITY to recognize and diagnose acid-base disorders is of the utmost importance in the clinical setting. However, in our experience, medical students often have difficulties learning the basic principles of acid-base physiology in the respiratory physiology curriculum, particularly when applying this knowledge to the analysis of arterial blood gases. Collaborative teaching strategies may enhance student performance in quizzes in undergraduate physiology courses (1, 2). In particular, the so-called peer instruction technique (3) has been reported to enhance both the transfer and retention of learned material in a time-efficient fashion (4). The Harvard professor Eric Mazur originally developed peer instruction for teaching physics to undergraduate students (3). In this teaching approach, specific questions are integrated in the conventional lecture format; in an initial "individual phase," students mark down their answer and rate how confident they are about the correctness of their answer, and this is followed by a "pair phase," where students are asked to convince their neighbor of their answer. After this, they may revise the answer and again rate their confidence in their second answer. This teaching approach may differ substantially from conventional group work, where students typically discuss questions in small groups and mark down their answer during the lecture. In the present study, we attempted to implement and compare conventional group work and Mazur's peer instruction technique for teaching secondyear medical students to diagnose common acid-base disorders by arterial blood gas analysis.
The mnemonic rule, "paper cut bleeding" (PCB; pH-CO 2 -base excess), developed by L. N. Toksvang, was used as a structure to the blood gas analysis. During the lesson, students received a sheet with normal ranges for all arterial acid-base variables and were introduced to a PCB-structured flow chart (Fig. 1) . Afterward, M. W. Petersen conducted a 20-min session during which students solved eight different arterial blood gases (Table 1) using two different collaborative strategies: group A interpreted each gas in groups of two in 2 min and rated how confident they felt about the answer. Group B first assessed each arterial blood gas individually for 1 min (individual phase) and rated how confident they were about the answer; students then reassessed the gas in groups of two students for another minute (pair phase) and then rated how confident they were about their second answer. Reference ranges were available during the whole session, and the correct diagnosis was highlighted immediately after the students' assessment of each gas, using the PCB-based flow chart as a visual aid (Fig. 1) .
All students underwent an identical test immediately before and after the 20-min session of collaborative activities. The test encompassed four arterial blood gases (Table 1) . Students were to complete the test in 8 min. For each arterial blood gas, students reported how confident (from 0% to 100%) they were that their diagnosis was correct. In the analysis of the test results, one point was awarded for each correctly diagnosed acid-base disorder. SAS statistical software (version 9.2, SAS Institute, Cary, NC) was used to compare pre-to posttest scores, to analyze student performance during the 20-min session of collaborative activities, and to compare student evaluations. Data were either ordinal (test scores and evaluations) or non-normally distributed (confidence levels and selfperceived improvement), as evaluated by normality plots and Shapiro-Wilk's test for normality, and we therefore used nonparametric statistics (Wilcoxon's signed rank sum test and the Mann-Whitney U-test). All data are reported as medians with corresponding interquartile ranges.
During the 20-min session of collaborative activities, 97% of the arterial gases were interpreted correctly in group A, with confidence levels of 100% (range: 95-100%). In group B, 73% of the answers were correct after the individual phase, with confidence levels of 90% (range: 60 -100%, both P Ͻ 0.01 vs. group A). This increased to 91% correct answers with confidence levels of 100% (range: 90 -100%) after the pair phase (both P Ͻ 0.01 vs. the individual phase), which were similar to scores and confidence levels in group A (P ϭ 0.10 and P ϭ 0.88, respectively).
Test scores improved in both groups from the pretest to the posttest (Table 2) . In group A, test scores were 2 points (range: 1-2 points) before and 4 points (range: 3-4 points) after the class, whereas group B scored 2 points (range: 1-2 points) before and 3 points (range: 3-4 points) after the class (both P Ͻ 0.0001). However, no difference was present between groups when the improvement in test scores was compared (P ϭ 0.31). The individual confidence levels for all four arterial blood gases increased similarly in both groups (Table  2 ). Subsequent to the posttest, students evaluated their academic gain, the quality of the teaching, and their own effort and provided an overall assessment of the lesson. These four parameters were rated as poor, below average, average, above average, or excellent. Furthermore, students reported their self-perceived improvement in their ability to diagnose acidbase disorders (from 0% to 100%). The evaluations of the lesson were positive in both groups, and Ͼ60% of the students evaluated the overall assessment of the lesson as excellent, regardless of the teaching strategy. Similarly, more than half of the students in both groups evaluated the academic gain, quality of teaching, and their own effort as above average or excellent. None of the students in either group rated any of the four parameters as below average or poor. Group A reported that their self-perceived ability of arterial blood gas analysis had improved by 100% (range: 90 -100%). The corresponding value of group B was 100% (range: 85-100%), with no difference between groups (P ϭ 0.71).
In accordance with former studies in the field of physiology education (1, 2, 4) , the present data demonstrate that the number of correct answers and confidence levels are increased Gases 1-4 were used in the pretest and posttest and were solved individually by the students. Gases 5-12 were used in the 20-min session of collaborative activities, between the pre-and posttest. Students had access to the normal ranges as listed above; they were informed that these may vary between laboratories and departments, but, to ensure consistency, we instructed them to be rigid in their approach to these ranges when assessing the arterial blood gases during the class.
from the individual phase to the pair phase in the context of Mazur's peer instruction technique. However, none of the former studies assessed the overall effect on learning, which was evaluated by a pre-and posttest in the present study.
Notwithstanding that a practice effect may be present and thus at least, to some extent, may have confounded our findings because identical gases were used in the tests, no difference between the two collaborative teaching strategies could be detected. A larger study, in which a third intervention group where students work individually without any collaborative activities is also included, is nonetheless needed before any definitive conclusions can be made on this matter. In any event, our findings indicate that collaborative strategies are efficient for teaching students to diagnose common acid-base disorders by arterial blood gas analysis, regardless of whether conventional group work or peer instruction is used, and both approaches are associated with a high degree of student satisfaction. Collaborative teaching strategies may therefore be beneficial for conveying the complexity of arterial blood gas analysis in a time-restricted setup.
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